Abstract Dynamic contrast-enhanced MRI enables noninvasive analysis of prostate vascularization as well as tumour angiogenesis and capillary permeability characteristics in prostate cancers. Pharmacokinetic models summarizing the complex information provided by signal intensity-time curves for a few quantitative pharmacokinetic parameters are increasingly being used in the routine clinical setting. This review consists of two parts. The first part discusses the advantages and disadvantages of the MR pulse sequences that can be used for performing DCE-MRI and also of the most widely used pharmacokinetic parameters and models and the parameters they describe. The second part outlines the range of current and potential future clinical applications of DCE-MRI and pharmacokinetic parametric maps in patients with prostate cancer, with reference to the current scientific literature on the topic. The potential clinical applications of DCE-MRI for prostate cancer include detection, localization, and staging, differentiation of recurrent cancer and estimation of the patient's prognosis, as well as monitoring of treatment response.
Introduction
Prostate cancer is the most common malignant tumour and the second leading cause of cancer death in men [1] . Diagnostic work-up focuses on early detection, determination of biological aggressiveness, localization within the prostate, staging, evaluation of the outcome of treatment, and detection of recurrent cancer [2] . Imaging in general, and magnetic resonance imaging (MRI) in particular, is assuming a more important role in addressing these diagnostic tasks. T2-weighted (w) MR images typically show prostate cancer as a focal lesion of low signal intensity [3] . This low T2 signal intensity, however, is not specific to prostate cancer, other abnormal conditions of the prostate that may have the same or similar signal intensity include prostatitis, hemorrhage, fibrosis, glandular atrophy, and post-therapeutic changes [4] [5] [6] . To improve the specificity of MRI, the conventional T2w and T1w sequences are increasingly being supplemented by functional MRI techniques such as 1 H magnetic resonance spectroscopy ( 1 H-MRS), diffusion-weighted imaging (DWI), and dynamic contrast-enhanced MRI (DCE-MRI) [7] . Initial studies of contrast-enhanced MRI suggest that after administration of a low-molecular-weight contrast agent, only dynamic and not static T1w sequences contribute diagnostic information additional to that obtained from unenhanced T2w imaging alone [8] [9] [10] .
With DCE-MRI, prostate cancer shows earlier and stronger enhancement than surrounding normal prostate tissue [10] . This enhancement pattern is based on tumour angiogenesis, an important prerequisite for further growth once a cancer has reached a size of 3 mm [11, 12] . The newly formed tumour vessels have higher permeability, and their architecture is heterogeneous [13, 14] . Immunohistochemical determination of mean vessel density (MVD) is a good method for assessing tumour angiogenesis. This method provides a count of the number of vessels per area, which is significantly higher in prostate cancer than in normal prostate tissue [15, 16] . Published data on the significance of MVD as a predictor of recurrence, presence of metastasis, or disease-specific survival are contradictory [17] [18] [19] [20] [21] . More recent results suggest that a poorer prognosis correlates not only with a higher MVD but also with increasing irregularity and decreasing size of the new vessels [20, 22] . These histological observations are the rationale for the high hopes set on the potential of DCE-MRI for noninvasively and dynamically assessing microvascularization and neoangiogenesis in prostate cancer.
The multifarious and complex information provided by signal intensity-time curves generated on the basis of DCE-MRI datasets can be described by phenomenological parameters or extracted and summarized in a few quantitative pharmacokinetic parameters. The latter is accomplished by applying pharmacokinetic models that describe tissue vascularization and blood flow in the form of mathematical equations. The parametric maps generated by means of these models facilitate interpretation of the DCE-MRI data, and it is therefore expected that the use of pharmacokinetic models will increase in the routine clinical setting. The first part of this review discusses the advantages and disadvantages of MR pulse sequences for performing DCE-MRI and of the most widely used pharmacokinetic models and parameters. The second part outlines the range of current and potential future clinical applications of DCE-MRI and pharmacokinetic parameters in prostate cancer. For ease of reading, we deliberately abstained from using mathematical formulas in describing the technique. The interested reader is referred to the more detailed literature quoted in the respective passages of this review. Moreover, we only discuss the widely used unspecific low-molecular-weight contrast agents. Following intravenous administration, these agents distribute in the intravascular and interstitial spaces throughout the body but do not cross the normal cerebral blood-brain barrier.
Technique of DCE-MRI and computation of parametric pharmacokinetic maps
This section is divided into two parts, following the procedure of generating pharmacokinetic parameter maps. The first part describes how signal intensities (SI) are measured using DCE-MRI and how these are converted into contrast medium (CM) concentrations ([CM]). The second part deals with the arterial input function and the pharmacokinetic models used. These models can in principle be applied regardless of whether [CM] is measured invasively or whether it is derived from the SI of noninvasively acquired MRI data. A protocol for an MRI examination of the prostate combining conventional MR pulse sequences with a DCE-MRI sequence is proposed in Table 1 .
DCE-MRI
A DCE-MRI sequence is acquired at multiple consecutive time-points for measuring tissue SI before, during and after CM administration. T1w SI-time curves were described in the past using phenomenological parameters such as start of enhancement, time to peak, peak enhancement, and washout [10] . Start of enhancement is the point in time at which the first tissue enhancement is noted after CM administration, time to peak is the time interval until the SI plateau is reached, peak enhancement is the maximum SI, and washout is the percentage of SI loss after the peak has been reached [23] . To calculate pharmacokinetic parameters from the SI-time curves, the SI must be converted into [CM] . How the SI are converted into [CM] is determined by the MR pulse sequence used. When an ultrafast saturation recovery (SR) spoiled gradient echo (GRE) sequence with a short time to repeat (TR), short time to echo (TE), and small flip angle is used, the T2* susceptibility effect is negligible, as the TE is much shorter than the T2* time [24] . Using these parameters and a recovery time of ≤150 ms, this technique provides a good approximation of the relative SI change after CM administration, which is linear to the local [CM] in the tissue voxel over a large dose range [24] . If the SR prepulse is replaced with an inversion recovery (IR) prepulse, all of the longitudinal magnetization is available for measuring SI, which is why an IR pulse sequence is more sensitive to changes in relaxivity; however, the image acquisition time is also longer. Once again, a linear relationship can be expected between SI and [CM] for the low [CM] range of ≤4 mmol/l; the concentration is likely to be within this range, unless images are acquired in the early distribution phase [25] . However, if the MR sequence also serves to adequately quantify the early distribution phase, especially the first pass of the CM, then one must consider the T2* effects as well; these effects are proportional to [CM] and reduce the T1 signal [25, 26] . To capture these effects, a dual-echo GRE sequence is used, which acquires T1w and T2*w images simultaneously [25] [26] [27] . The dual-echo sequence thus allows sensitive measurement of the SI of low tissue [CM] along with the sensitive measurement of the SI of high [CM] for extracting the individual AIF.
Ultrafast spoiled dual-or single-pulse GRE sequences without a prepulse are faster than SR or IR GRE sequences, but this comes at the cost of a poorer signal-to-noise ratio. When an ultrafast spoiled T1w 3D single GRE sequence without a prepulse is used, the relationship between SI and [CM] is complex and typically nonlinear, and it is not possible to directly derive [CM] from SI. However, in this case, the desired information can be extracted via an additional step: this is the calculation of the relative change in relaxivity, ΔR1, of the tissue following CM administration. This parameter is in a linear and directly proportional relationship to [CM] based on the relaxivity of the CM used [27] . Tissue relaxivity R1 can be calculated, at any point in time, from the measured signal intensity, the parameters of the pulse sequence used, and the relaxivity, R1 0 , before CM administration [28, 29] . Relaxivity, R1 0 , of the entire tissue in turn can be calculated from the SI of at least two acquisitions with different flip angles and the TR of the pulse sequence used [30] . Determination of tissue SI from images acquired with 3 or 4 different flip angles minimizes the effects of noise [30] .
Arterial input function
Pharmacokinetic model calculations require the so-called arterial input function (AIF), which is the intra-arterial [CM] over time. There are basically two approaches: to use a standardized AIF or to calculate an individual AIF for each patient. Determination of an individual AIF provides an optimal basis for the correct extraction of the desired pharmacokinetic parameters, as it accounts for interindividual variations in cardiac output, renal function, and hematocrit levels, which influence the individual [CM] entering the organ [31, 32] . An individual AIF is calculated from the measured MR SI in a large artery, ideally an artery supplying the organ of interest. The measured MR SI are converted into [CM] by fitting an analytical concentrationtime curve to the SI-time curves measured in the central artery, which is subject to the dependencies already described in the DCE-MRI section above. As a result of the highly concentrated CM bolus, especially during first pass, the measured T1w SI must be corrected for the signallowering T2* effect [25, 26] . Temporal resolution should not exceed 2 s in order to ensure adequate tracking of the arrival and passage of the contrast medium bolus [33] . To our knowledge, with the MR techniques currently in clinical use, these prerequisites are only met when a single slice is imaged. A single slice is sufficient to determine the AIF, but evaluation of the prostate in a single slice severely degrades the clinical usefulness of the method. For the time being, it appears justified to use a standardized AIF to overcome this limitation in the clinical setting and acquire Table 1 Suggested protocol for MRI of the prostate using the combined endorectal/body phased-array coil, including two halfFourier rapid acquisition with relaxation enhancement (RARE) sequences for planning (1.+ 2.), conventional T1w and T2w turbo spin echo (TSE) sequences (3. + 4. + 5.), a sequence for lymph node evaluation from the aortic bifurcation to the true pelvis (6.), a volumeinterpolated gradient echo (GRE) sequence for calculating R1 relaxivity prior to contrast medium administration (7.) , and a dynamic spoiled axial T1w GRE sequence with 75 acquisitions (each 3.9 s) ( several slices of the prostate. In routine clinical examinations, interindividual variations in blood volume are taken into account by adjusting the contrast medium dose to the patient's weight [34] . Creatinine levels and the calculated glomerular filtration rate (e.g., using the Cockcroft-Gault formula) should be determined routinely to rule out excessively reduced renal elimination. One of the first standardized AIFs was determined invasively from blood samples in 20 healthy men following administration of Gd-DTPA; the first blood sample for measurement was obtained 1 min after CM administration [35] . This study demonstrated a biexponential decrease in [CM] in the body with a half-life of 12 min for the distribution phase and a half-life of 1 h and 35 min for the elimination phase [35] . This AIF has a poor temporal resolution and is of limited value as most current protocols use bolus infusion of contrast medium. Invasive measurement of blood [CM] every 2 s in healthy volunteers clearly revealed a first-pass peak, a recirculation peak, and washout of the concentration in blood [36] . A similar concentration-time course was identified in a study determining a standardized AIF in patients with tumours [37] . It is therefore recommended to preferably use the standardized AIF reflecting both the firstpass peak and the recirculation peak.
Pharmacokinetic models
A widely used pharmacokinetic model for describing contrast medium kinetics in biological tissues is an open 2-compartment model with blood plasma as the central compartment and the interstitial space as the peripheral compartment [38, 39] . In this model, it is assumed that the CM enters the central compartment with zero-order kinetics, while its elimination from it is characterized by the first-order elimination rate constant. Exchange between the two compartments is by passive, first-order diffusion in both directions, with a specific exchange constant for each direction. Assuming immediate distribution of the CM in plasma and neglecting the intravascular portion of the CM, the time course of interstitial [CM] , and hence of SI, is solely determined by the exchange constants between the central and the peripheral compartment [40] . When the relaxivity R1 0 of the target tissue before CM administration, the increase in relaxivity, R1, relative to [CM] in the tissue, and the blood plasma volume are known, the contribution of the extracellular, extravascular volume to the total volume of a voxel can be calculated [41, 42] . Following the recommendations of a consensus paper, the following terminology will be used here: EES for the extracellular, extravascular volume, transfer constant (K trans ) for the exchange constant between blood plasma and EES, and rate constant (k ep ) for the exchange constant between EES and blood plasma [33] (Fig. 1) . The open 2-compartment model assumes immediate distribution of CM in both arterial and venous blood plasma [39, 41, 42] . If, in addition, CM blood flow in the capillaries is large enough to compensate for diffusion into the EES, a permeabilitylimited model can be used [33] . In this case, diffusion of the CM from the blood plasma into the EES is only dependent on permeability, i.e., the permeability surface product of the vessels. However, capillaries are very fragile, especially in a tumour, making them highly permeable to a lowmolecular-weight contrast agent, and, in most cases, diffusion into the interstitial space probably cannot be compensated for by CM blood flow [43, 44] . In these cases, the exchange parameters are a function of permeability and CM blood flow. However, the model does not specify these dependencies and the magnitude of the two parameters, which is a serious limitation, given the role of these two parameters in describing CM kinetics. More complex models enable absolute quantification of blood flow, permeability, and blood volume. These models cover the whole range of possibilities from permeability-limited states to blood flow-limited states [33, 45, 46] . The mixed blood flow-and permeability-limited model describes changes in [CM] in the EES as a function of blood flow, the [CM] in blood plasma, and of the extraction coefficient, which is a measure of the amount of CM extravasating into the interstitial volume with each passage through the capillary bed of the prostate [33, 45] . It has been shown that models comprising more than one tumour EES are superior for describing contrast medium kinetics when a tumour is present [38] . This observation may be attributable to the predominantly heterogeneous vascular architecture of prostate cancers, resulting in contrast medium diffusion pathways of variable length in the interstitial volume [17] . Therefore, an open sequential 3-compartment model has been proposed and used for the prostate and prostate cancer. This model comprises blood plasma as one compartment and two EES compartments [25, 47] . Using this model, quantification of blood flow in a tissue voxel is based on the so-called indicator dilution method and the calculated AIF [48] . Here, the extraction coefficient is a function of permeability, vessel surface area, and blood flow [33, 45] . Assuming that blood vessels are cylindrical, the vessel surface can be calculated from the blood volume and the radius; permeability and blood flow can thus be calculated as independent parameters [47] . A diagram of how pharmacokinetic parameters are calculated from SI measured with DCE-MRI and using a sequential 3-compartment model is presented in Fig. 2 .
In summary, it is theoretically possible to have a temporal resolution above 2 s, if exchange constants are calculated using a standardized AIF. In this case, pharmacokinetic model calculations only require measurement of SI for rather low [CM] in tissue. At these concentrations, the T2* effect on the T1w signal is negligible, and the use of an ultrafast T1w spoiled single-GRE sequence is justified. Conversely, a dualecho sequence for the simultaneous acquisition of T1w and T2*w images with a high temporal resolution of 2 s or less is required [33] to calculate an individual AIF. This has been shown to improve the accuracy of pharmacokinetic model calculations [31, 32] and is a prerequisite for the accurate calculation of blood flow and blood volume.
Current and future clinical applications
The studies quoted in this section analyzed DCE-MRI datasets using either phenomenological parameters or parameters derived with a pharmacokinetic model. Studies based on a pharmacokinetic model are marked by an asterisk in the following and in the References.
Detection of prostate cancer
When prostate cancer is suspected on clinical grounds, systematic biopsy guided by transrectal ultrasound (TRUS) is usually used to confirm the diagnosis [49] . In 66-71% of patients undergoing TRUS-guided prostate biopsy for the first time, the biopsy results are negative [50, 51] . On the other hand, 23% of all prostate cancers detected by TRUSguided biopsy are missed in the first biopsy [51] . In other words though biopsy results are true negative in a considerable proportion of patients some patients have to undergo repeat biopsy before their cancers are detected. Initial results suggest that combining a T2w sequence with phenomenological parameters derived from a DCE-MRI sequence (DCE-MRI for short), pharmacokinetic parameters, and DWI holds promise for improving cancer detection and thereby reducing the need for prostate biopsy [52*, 53, 54*] . In patients with a prior negative TRUSguided biopsy, T2w + DCE-MRI were used to guide Fig. 2 Diagram for calculating pharmacokinetic parameters -blood flow, blood volume, mean transit time, permeability, extraction coefficient and interstitial volume-using the sequential 3-compartment model Fig. 1 Diagram of the open 2-compartment model with the two pharmacokinetic parameters, K trans and k ep . An unspecific lowmolecular-weight contrast agent (white dots) distributes exclusively in the intravascular blood plasma and in the extravascular extracellular space (EES). The transfer constant, K trans , describes the diffusion of the intravascular contrast medium (CM) into the EES. When distribution in the body and renal elimination cause the contrast medium concentration [CM] in the plasma to drop below that in the EES, CM from the EES diffuses back into the plasma, which is described by the rate constant, k ep prostate repeat biopsy with a sensitivity of up to 83% and a negative predictive value of up to 100% [55] . In an exploratory study of 21 patients with more than two negative TRUS-guided biopsies and a PSA level of >4 ng/ml, targeted MRI-guided prostate biopsy detected prostate cancer in 59% of the cases after a diagnostic MRI consisting of a combination of T2w images with pharmacokinetic parameters and DWI [56*] (Fig. 3) . In the future, parametric maps may be fused with real-time TRUS images for targeted biopsy of suspect lesions [57] .
Localization and staging of prostate cancer Adequate treatment of prostate cancer relies on proper staging, which in turn requires accurate localization of cancer within the prostate. A study of patients scheduled for prostatectomy has shown that the surgical decision for or against preservation of the neurovascular bundles can be significantly improved by MRI staging [58] . The outcome of radiotherapy might be improved by delivering a radiation beam to the tumour identified by conventional MRI and pharmacokinetic maps [59*] .
Smaller studies have already shown that conventional MRI combined with pharmacokinetic parameter maps is superior to conventional MRI alone in localizing prostate cancer [60*, 61*] (Fig. 4) . Staging accuracy in general, and detection of extracapsular extension in particular, relies on high spatial resolution, which is why imaging at 3T is generally preferable to 1.5T imaging, and the use of a combined endorectal/body phased-array coil is desirable [62, 63] . The need for high spatial resolution theoretically favors the calculation of pharmacokinetic exchange parameters with the currently available MR technology, even more so as the accurate calculation of blood flow and blood volume requires high temporal resolution as well [54*] . In a study of 32 patients using a voxel volume of 1.8 mm 3 for DCE-MRI, high-resolution maps of pharmacokinetic exchange parameters were significantly better than T2w images for demonstrating extracapsular growth [64] .
Detection of recurrent prostate cancer
Men with localized prostate cancer successfully treated by radiotherapy have cancer recurrence rates of 22-60%, depending on the risk group [65] . Recurrence after prostatectomy is similar, ranging between 12% and 67% [65] . The differentiation between local recurrence and metastasis in patients with elevated PSA is difficult, This area has low signal intensity on the T2w image. MRI-guided biopsy (D+E) was performed, and prostate cancer (Gleason score, 3+ 5) was demonstrated. Owing to the slice thickness of 4 mm of the T2w image, the throw of the 18G biopsy needle is blurred in image E regardless of whether serum PSA [66, 67] , digital rectal examination (DRE), or TRUS-guided biopsy is used to answer this question [68] . Detection of local prostate cancer recurrence is even more difficult with conventional MRI, as the low signal intensity of fibrotic changes after radiotherapy or of scar tissue after prostatectomy may mimic local recurrence on T2w images [5, 6, 69, 70] .
Exploratory studies found that the additional use of DCE-MRI significantly increased sensitivity for the detection of recurrent prostate cancer after radiotherapy compared with T2w images alone; the reported increase was from 38% to 72%, while specificity was nearly the same, 80% versus 85% [71, 72] . Exploiting the improved accuracy of combining conventional MRI with pharmacokinetic parameter maps MR-guided biopsy detected recurrence after radiotherapy with a positive predictive value of 68% [73*]. Furthermore, a feasibility study suggests that pharmacokinetic parameter maps are also useful for planning focal salvage treatment, which is aimed at reducing the adverse effects of radiotherapy [74*] .
A similar improvement was reported for the detection of recurrence after prostatectomy as well; here the addition of DCE-MRI led to an increase in sensitivity from 61% to 84% compared with T2w imaging alone, with specificity again being similar-82% versus 89% [70] . These results were confirmed by another study [75] . It must be borne in mind, however, that the GRE sequences used for DCE-MRI may be degraded partially by severe artifacts caused by surgical clips [76] .
In addition, DCE-MRI combined with T2w images might in the future also play a role in patients with suspected prostate cancer recurrence after high-intensity focused ultrasound (HIFU) treatment and for planning targeted biopsy [77] .
Assessment of biological aggressiveness and estimation of prognosis
Clinical methods for the early detection of prostate cancer, particularly PSA screening, carry the risk of overdiagnosis and overtreatment [78] . The desire to avoid overtreatment has led to the introduction of active surveillance, in which definitive treatment, with its attendant risks (e.g. urinary incontinence, erectile dysfunction, cystitis, and proctitis), is delayed until progression is detected [79] . Active surveillance is heavily dependent on risk stratification based on serum PSA, Gleason score, and quantification of the proportion of cancer in biopsy specimens [80] . However, determination of these variables is not optimal and is subject to error [81] [82] [83] . Therefore, another, ideally noninvasive technique, such as imaging, would be highly desirable; its focus should be on determining the tumour aggressiveness and volume. A higher Gleason score has been shown to correlate significantly with a lower prostate cancer-to-internal obturator muscle SI ratio on conventional MR images [84] . In a study of 42 patients, low-grade prostate cancer was found to have a significantly higher blood volume and higher permeability than high-grade cancer [85*] . Studies investigating a possible correlation between MVD as a prognostic factor and individual pharmacokinetic parameters yielded inconsistent results [54, 85*, 86*, 87*] . The discrepancies may be attributable to the heterogeneity of vascularization in the prostate and in prostate cancer [17] . Therefore the determination of MVD in a 4-μm section may not be representative for pharmacokinetic parameters such as blood volume of a MR voxel. The usefulness of pharmacokinetic parameters as additional prognostic factors remains to be shown in studies investi- 
Treatment monitoring
Serum PSA is currently the most widely used test for monitoring the outcome of prostate cancer treatment [88] . It may take several years, though, before a PSA nadir is reached following radiotherapy [88, 89] . During this period, nearly one third of patients will experience at least one PSA bounce of 0.3-3.4 ng/ml; about half of these patients do not have recurrent cancer [90, 91] . Such temporary increases in PSA do not necessarily indicate treatment failure, but cause great alarm to patients and physicians alike [90] . A noninvasive imaging test suitable for monitoring treatment might improve this situation by allowing earlier definitive assessment of the outcome of treatment [92] . A preliminary investigation of post-therapeutic pharmacokinetic parameters has demonstrated that blood flow and the extraction coefficient appear to be suitable for monitoring the outcome of radiotherapy and allow earlier definitive assessment than the methods currently used [93*] . Other promising approaches of therapeutic monitoring with pharmacokinetic parameters include the demonstration of a decrease in the permeability of prostate cancer tissue following hormone treatment in humans and the demonstration of a response of benign prostatic hyperplasia to pharmacotherapy in animals [94*, 95*]. Note, however, that the blood flow and permeability of tissues are altered during and after treatment [93*, 96*]. As the pharmacokinetic exchange constants, K trans and k ep , are functions of blood flow and permeability with undefined interdependencies [33] , pharmacokinetic models that quantify blood flow and permeability independently of each other are preferable for treatment monitoring. Such models might also enable inter-and intraindividual comparability of data obtained by different study groups and on different MR systems [97*].
Antiangiogenic therapy
Several studies have demonstrated that inhibition of neovascularization of a malignant tumour significantly improves progression-free survival and disease-specific survival [98] . For prostate cancer, a combination of two angiogenesis inhibitors (bevacizumab and thalidomide) has been shown to inhibit the growth of metastases not responding to hormone treatment [99] . Angiogenesis inhibition might have the potential to treat localized cancer in the future, avoiding the adverse effects of the treatment options currently available. Published studies on antiangiogenic treatment in advanced prostate cancer suggest that serum PSA appears to be of limited use for assessing the response to treatment, once again underscoring the need for better diagnostic methods [99] . With neovascularization being the histological basis for DCE-MRI, this method appears to be a good candidate for the noninvasive monitoring of treatment with angiogenesis inhibitors. This hypothesized use remains to be demonstrated in future studies investigating antiangiogenic therapy in patients with localized and advanced prostate cancer.
Limitations
At present, comparing published studies is still difficult, as investigators use different DCE-MRI sequences as well as different methods of analysis. To enable further investigation of the value of DCE-MRI of the prostate, ideally in large multicenter studies, it would desirable to arrive at a consensus on the pharmacokinetic model to be used for standardizing the method. With the currently available DCE-MRI sequences, it has not yet been possible to simultaneously achieve adequate spatial and temporal resolution in the clinical setting. This limitation might be overcome by using parallel imaging with an acceleration factor of 4-6 and with the k-t-sense approach, which interprets time as an additional dimension, making better use of the total data acquisition time for obtaining both spatial and temporal information [100] . Finally, one must not forget the risk of nephrogenic systemic fibrosis associated with the administration of gadolinium-based contrast medium, which is increased in patients with renal dysfunction.
Conclusions
To date, DCE-MRI and the corresponding pharmacokinetic models and parameters have shown great potential for improving the diagnosis of prostate cancer by adding functional information to the anatomical information provided by conventional T2w and T1w MR pulse sequences. An understanding of the basic physical principles underlying DCE-MRI helps radiologists to better interpret the results of DCE-MRI and of the corresponding pharmacokinetic parameters. Initial clinical applications of DCE-MRI, including the detection, localization, and staging of prostate cancer as well as the diagnosis of recurrence, demonstrate that the technique offers diagnostic benefits when compared with conventional MRI alone. Potential future applications could include estimation of a patient's prognosis and monitoring of treatment response. A definitive appraisal of the accuracy of DCE-MRI and pharmacokinetic parameters for these indications is not possible at present.
